Computational work
Calculations using Gaussian 09 [1] were performed on the Vienna Scientific Cluster 3 (Austria).
Calculations using ADF [2] were performed on the Cartesius Cluster (SURFsara, The Netherlands).
Gaussian 09 Rev. D.01. was used for calculating reaction energy barriers and energies of reaction for the presented six reactions. Geometry optimizations to energy minima or transition states as well as subsequent frequency analyses at 298.15 K of all considered compounds and intermediates were performed. In case of dispersion correction Grimme's D3 dispersion correction (G09 keyword: empiricaldispersion=gd3) was applied. Quasi-harmonic correction to thermodynamic data was performed by setting all frequencies below 100 cm -1 to 100 cm -1 as proposed by Cramer and Truhlar [3] using the "Goodvibes" Python script by Robert Paton. [4] Single imaginary frequencies corresponding to the desired reaction coordinates were obtained only in the case of transition state calculations. No imaginary frequencies were obtained for reactants and products.
Using Gaussian 09 Rev. D.01. several different density functionals were benchmarked against experimental data including PBE-D3, BP86, BP86-D3, B3LYP, B3LYP-D3 and M06-2X in combination with the 6-311+G(d,p) basis set. [5] Therefore, calculated ΔG ‡ for model reactions between pAz* (7), sAz* (8) and tAz* (9) and octynes ADIBO* (6) and BCN (1) was plotted against ln(k) of experimental reactions between pAz (3), sAz (4) and tAz (5) and ADIBO (2)/BCN (1) and linear regression was performed. BP86, BP86-D3 as well as B3LYP lead to qualitatively wrong orders of reactivity while PBE-D3, B3LYP-D3 and M06-2X gave qualitatively correct results. Out of these three functionals B3LYP-D3 performed best with a good linear correlation between calculated ΔG ‡ and ln(k) (R 2 =0.87). Inclusion of counterpoise correction to the electronic energy gave even better results of R 2 =0.92. However, the BSSE error for reactions of each cyclooctyne was in the same range of 1.19 ± 0.01 kcal/mol and 0.91 ± 0.04 kcal/mol for ADIBO* (6) and BCN (1) respectively. Therefore, BSSE correction was omitted during separate Activation-Strain and energy decomposition analyses of these two series of reactions.
Calculated energies of all structures are presented in table S1. Cartesian coordinates of all structures are available as separate xyz files. Activation Strain analyses were performed in G09 at the B3LYP-D3/6-311+G(d,p) level of theory. Subsequent energy decomposition analyses was performed in ADF using the PyFrag tool [6] at the BLYP-D3/TZ2P//B3LYP-D3/6-311+G(d,p) level of theory. To investigate the origin of higher Pauli repulsion between tertiary azide 9 and ADIBO* (6) in comparison to primary azide 7 and 6 additional energy decomposition analyses along a part of the reaction coordinate were performed ( Figure S2 ). In this case, the geometries of the reaction coordinate structures were frozen, while the alkyl residue on the azide was substituted against a hydrogen atom. The geometry was optimized (B3LYP-D3/6-311+G(d,p)) in regards to the position of this hydrogen atom, while keeping the rest of the structure frozen. Afterwards an energy decomposition analysis was performed on the newly obtained structures ( Figure S3 ). By removing the alkyl residue on the azides, while keeping the geometries frozen, the differences in ΔEelstat, ΔEdisp and ΔEPauli are reduced significantly, showing that the interaction between azide substituents and cyclooctyne are mainly responsible for the big difference in ΔEPauli for azides 7 and 9 in reaction with 6. Figure S3 : Effect of the azide alkyl substituents on ΔEPauli(ζ), ΔEdisp(ζ), ΔEoi(ζ), and ΔVelstat(ζ) for the reaction ADIBO*+pAz* (red) and ADIBO*+tAz* (green). Full lines represent values obtained by the described method with removed alkyl substituents. 
Nimag = 1, ν = -343.4983i cm -1 C -0.897362000 -0.052759000 -0.432443000 C -0.783748000 1.155060000 -0.230103000 C 1.732226000 -0.699701000 0.750243000 C 0.070404000 2.311298000 0.077445000 C 1.905313000 0.790554000 1.000966000 C 1.559716000 1.891255000 0.010693000 H -0.119274000 3.134133000 -0.618794000 H 1.408035000 -1.256773000 1.626452000 H -0.171125000 2.695131000 1.075546000 H 1.685693000 1.088626000 2.023824000 C -0.336062000 -1.401147000 -0.577260000 H -0.660494000 -1.862414000 -1.515280000 H -0.693193000 -2.052787000 0.230122000 C 1.210123000 -1.312167000 -0.537649000 H 1.634141000 -2.316301000 -0.646196000 H 1.539977000 -0.740356000 -1.407911000 H 1.779726000 1.584862000 -1.014648000 H 2.185755000 2.767817000 0.218667000 C 3.121861000 -0.109535000 0.874783000 H 3.647910000 -0.332969000 1.798318000 C 4.058203000 -0.038424000 -0.299989000 H 4.834726000 0.714230000 -0.104119000 H 3.534984000 0.257108000 -1.215793000 O 4.650600000 -1.335919000 -0.462913000 H 5.328161000 -1.282897000 -1.143932000 N -2.919859000 1.920589000 -0.288583000 N -3.397300000 0.881707000 -0.475947000 N -3.127983000 -0.306899000 -0.772675000 C -3.922878000 -1.382571000 -0.164964000 H -4.954761000 -1.331264000 -0.530028000 H -3.491104000 -2.302328000 -0.564209000 C -3.879585000 -1.383954000 1.363002000 H -4.330367000 -0.473536000 1.766969000 H -4.429567000 -2.242032000 1.759362000 H -2.847301000 -1.436121000 1.717045000 TS1+8 E = -747.557845 Nimag = 1, ν = -333.0075i cm -1 C -0.564081000 0.052136000 -0.376198000 C -0.370973000 1.259142000 -0.236910000 C 2.053387000 -0.699561000 0.775199000 C 0.559974000 2.372719000 -0.004110000 C 2.322775000 0.786678000 0.950806000 C 2.019188000 1.859255000 -0.082995000 H 0.404065000 3.172756000 -0.734545000 H 1.718027000 - P6+8 E = -1068.718635 Nimag = 0 C -0.105367000 -1.523965000 -0.123347000 N -0.761110000 -2.731325000 -0.086394000 C -1.085577000 -0.522840000 -0.124585000 N -2.267010000 -1.226715000 -0.065788000 C 0.794357000 1.096577000 1.451786000 H 0.496941000 0.164997000 1.932243000 H 1.184076000 1.774005000 2.212687000 N -2.037547000 -2.548206000 -0.045789000 C 1.374677000 -1.589236000 -0.117972000 C 2.272527000 -0.560996000 0.248235000 C 3.638255000 -0.848029000 0.391639000 H 4.290716000 -0.061371000 0.749550000 C 4.159948000 -2.095674000 0.087639000 H 5.222326000 -2.281400000 0.194869000 C 3.295649000 -3.100028000 -0.341784000 H 3.674650000 -4.083443000 -0.594469000 C 1.934746000 -2.848591000 -0.420892000 H 1.260772000 -3.641540000 -0.711724000 C -1.112725000 0.948079000 -0.185287000 C -1.986782000 1.585391000 -1.079980000 H -2.539433000 0.989690000 -1.796761000 C -2.146351000 2.966840000 -1.062906000 H -2.822185000 3.440040000 -1.766098000 C -1.434626000 3.733565000 -0.142905000 H -1.558131000 4.809991000 -0.115703000 C -0.340395000 1.733981000 0.688593000 C -0.524302000 3.116887000 0.711103000 H 0.091585000 3.712746000 1.372014000 N 1.874623000 0.782122000 0.490147000 C 2.540868000 1.868516000 -0.058931000 C 3.387278000 1.656897000 -1.301623000 H 4.447833000 1.665218000 -1.041272000 H 3.165937000 0.730938000 -1.830305000 H 3.201228000 2.514074000 -1.949701000 O 2.391809000 2.988340000 0.407656000 C -3.654461000 -0.766093000 0.173283000 H -3.602720000 0.320258000 0.209402000 C -4.143298000 -1.280226000 1.530349000 H -5.138255000 -0.877319000 1.735531000 H -4.196239000 -2.369891000 1.534282000 H -3.470797000 -0.961923000 2.330341000 C -4.556391000 -1.198362000 -0.983105000 H -5.572055000 -0.831493000 -0.817067000 H -4.197067000 -0.800401000 -1.935046000 H -4.584515000 -2.287170000 -1.055126000 P6+9 E = -1108.038025 Nimag = 0 C -0.017567000 -1.541746000 -0.200995000 N -0.680490000 -2.739057000 -0.098434000 C -0.979953000 -0.533844000 -0.199691000 N -2.175560000 -1.205880000 -0.040258000 C 0.845718000 1.010573000 1.468361000 H 0.474004000 0.078940000 1.891898000 H 1.165219000 1.662856000 2.280765000 N -1.948657000 -2.534638000 -0.000198000 C 1.461729000 -1.609700000 -0.216402000 C 2.370809000 -0.643489000 0.279498000 C 3.720190000 -0.994905000 0.443792000 H 4.381158000 -0.277992000 0.914054000 C 4.220404000 -2.217423000 0.023128000 H 5.271868000 -2.446002000 0.153107000 C 3.351523000 -3.140846000 -0.551996000 H 3.714901000 -4.099931000 -0.901976000 C 2.000987000 -2.841222000 -0.641911000 H 1.315165000 -3.580626000 -1.031130000 C -0.893509000 0.927883000 -0.349234000 C -1.573282000 1.573027000 -1.388240000 H -2.058250000 0.978102000 -2.150835000 C -1.632728000 2.962081000 -1.444096000 H -2.164193000 3.448286000 -2.254256000 C -1.012938000 3.719439000 -0.452474000 H -1.071887000 4.801522000 -0.474143000 C -0.170354000 1.693722000 0.581562000 C -0.264856000 3.085464000 0.537962000 H 0.294838000 3.670740000 1.255640000 N 2.024817000 0.692359000 0.627503000 C 2.785902000 1.783877000 0.223179000 C 3.714804000 1.641998000 -0.970214000 H 4.753320000 1.584622000 -0.637637000 H 3.500392000 0.777007000 -1.595503000 H 3.606068000 2.560200000 -1.548662000 O 2.650650000 2.868864000 0.769421000 C -3.585599000 -0.743917000 0.250502000 C -3.566391000 0.514898000 
Kinetic experiments
NMR kinetic experiments were performed on a Bruker Bruker Avance III HD 600 (600 MHz) at 298K in CDCl3 (Eurisotop). All experiments were performed in triplicates.
General procedure:
Solutions of azides 3, 4 and 5 as well as cyclooctynes BCN (1) and ADIBO (2) in CDCl3, containing an internal standard, were prepared. In case of BCN, biphenyl was used as an internal standard. For reactions with ADIBO CH2Cl2 was used. Solutions of azides and cyclooctynes were mixed in the NMR tube and after vigorously shaking the tube it was inserted into the 600 MHz NMR machine. Unless otherwise noted measurements were done every 2 minutes, using 16 scans over 2 minutes per measurement. Time point of first measurement was used as t=0 and using the internal standard concentration of starting material at the first measurement was adopted as starting concentration. Concentration of both reactants was determined by following the decline of a characteristic signal of either azide or cyclooctyne over time. Decline in concentration was used for calculation of second order rate constants (see below). Data was analyzed in MS Excel. Product formation was verified by HRMS. For dual labeling experiments the following stock solutions were used: Absorbance at 500 nm, characteristic for BODIPY, [8] and at 650 nm, characteristic for silicon-rhodamine (SiR), [9] were followed. All experiments were performed in quadruplicates. 
Reaction

Results:
Products were identified based on their m/z and presence of absorbance at either 660 nm (SiR) or 490 nm (BODIPY = 1380.9) BODIPY units, were detected in addition to the dual-labeled product. In the competitive approach only dual-and mono-labeled (single) product, containing one BODIPY unit, was observed. In all cases no product with either only one or two SiR units were detected. Product distributions were calculated based on BODIPY absorbance at 600 nm and are listed in Table S2 . 
Synthesis
3-Azido-N-(3-azidopropyl)-3-methylbutanamide (10)
3-Azido-3-methylbutaonic acid (1 mL of 0.5 M solution in TBME, 0.5 mmol) was dissolved in DCM (3 mL) and HBTU (284 mg, 0.75 mmol) was added followed by DIPEA (194 mg, 1.5 mmol). After 1h a solution of 3-azido-1-propanamine (42 mg, 0.42 mmol) in DMF (3 mL) was added. Stirring was continued at room temperature overnight. 
SiR-ADIBO (11)
SiR-COOH (20.3 mg, 0.043 mmol) was dissolved in DMF (1 mL) and HBTU (16.3 mg, 0.043 mmol) was added followed by DIPEA (14 mg, 0.108 mmol). After stirring at RT for 1h a solution of ADIBO-amine (10 mg, 0.036 mmol) in DMF (0.2mL) was added. After stirring for 2h LC-MS showed residual ADIBOamine. Additional HBTU (16.3 mg, 0.043 mmol) was added and stirring was continued at room temperature for 1 h. The mixture was concentrated to approx. 500 µL and loaded onto a C18 column. Reversed phase chromatography (H2O/MeCN gradient elution, 30-70% MeCN, 0.1% formic acid) afforded 11 as a blue solid (9.6 mg, 37%); 
